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ntroductloB 


!Ilie  original  purpose  of  this  work  was  to  pr^are  and  evaluate  polders 


of  the  t^e 


Of  partloular  interest  vas  the  gemaniumferrocenylene  system: 


in  view  of  the  interesting  properties  of  ferrocene  end  its  derivatives.  At  the 
time  this  research  commenced  no  satisfactory  synthesis  of  l,l'-ferrocenylene 
active  metal  reagents  was  avallahle  except  for  the  l,l'-femcenylenedlsodium 
reagent.  As  described  in  this  report^  the  major  product  in  its  reaction  vlth 
triphenylbromogeraane  was  hexapheuyldlgermane.  Thus  ah  evaluation  of  the  correB>- 
ponding  dillthlum  and  dl-Orlgnard  reagents  in  this  reaction  seemed  desirable. 

For  this  reason  syntheses  of  these  reagents  were  developed.  However^  in  all 
coses  of  the  reaction  of  the  l^l'-ferrocenylene  active  metal  reagents  with  orgono- 
metalllc  halides^  incong>lete  reaction  leading  to  monoshbstltuted  ferroeenes  In 
significant  amounts  was  encountered.  This  apparently  general  behavior  makes  im¬ 
possible  ayntheaea  of  useful  organometalllc  polymers  baaed  on  the  ferrocene  unit, 
and  for  this  reason  this  approach  will  not  be  pursued  further. 


(OoQtrlbutlon  from  the  lM];)arbmfe'nt  of  OuanlBtry  of  the  HsiSsaohusettB  Institute  of 
Technology,  Camibridge  39 f  Massaehiuette) 

Trlnhenylgemyl-auhstituted  Ferroeenes  and  Related  Oonpounds.  Nev  Syntheses  of 
rerrocenyl  Lithium  and  Grlgnard  Reagents. 

/ 

By  Bletmar  Seyferth,  Hexmann  F.  Holteann,  Ra^nd  Burton  and  John  F.  HeLling 


Ihe  reaction  of  l,l'-ferrocenylenedl8odlum  vlth  trlphenylhromogermane 
gave  significant  amounts  of  trlphenylgezmylferrocene  In  addition  to  the  expected 
l>l'.-l3lB(trlphenylgexiByl)ferrocene.  Similar  behavior  vas  noted  ^n  trlmethyl- 
chlorosilane  vas  used  In  place  of  the  gennane.  Treatment  of  the  dlsodloferrocene 
with  magnesium  bromide  in  ether  represents  a  nev  route  to  the  ferrocene  di-Orlgnard 
reagent,  oarbonatlon  of  vhich  gave  l,l'-ferrocenedlcarboxyllc  acid.  However,  addi¬ 
tion  of  trlphenylhromogermane  to  the  'di-Orignard  solution  resulted  in  almost  n9ne 
of  the  dl'sdbstltuted  product,  but  a  32^  yield  of  triphenylgermylferrocene  vas  reali¬ 
zed.  A  nev  preparation  of  ferrocenylUthlum  and  1,1* -ferrocenylenedlllthlum  by  the 
transmetalatlon  reaction  occurring  betveen  ethylllthlum  and  the  corresponding  chloro- 
mercurlfierrocenes  in  ether  Is  described.  Again,  the  reaction  of  1,1-ferrocenylene- 
dlllthlum  vlth  trimethylehlorosllane  produced  significant  amounts  of  the  monosub- 
stltuted  product  In  addition  to  l,l'-bl8(trliiiethylBllyl)ferrocene.  The  preparation 
of  l,l'-bls(trlphenylgermyl)titanocene  dichloride,  trlphenylgermylmanganese  psnta- 
carbonyl  and  triphenylgermyl-  « -cyclopentadlenyllron  dlcarbonyl  Is  described. 


-  2  - 


Durljog  early  stages  of  a  study  of  metal-sutstituted  ferrocenes  an  attempt 
was  made  to  prepare  l,l'-T3is(tripheaylgermyl)ferrocene  by  the  reaction  of  1,1' ~ 
ferrocenylenedisodlum  with  triphenylbromogennane.  It  had  been  reported  that 
metalatlon  of  ferrocene  with  phenylsodium^  and  with  n-amylsodium^  gave,  after 


(1)  A.  N.  Nesoeyanov,  E.  G.  Perevalova  and  Z.  A.  Belnoravlchute,  Doklady  Akad. 

Nauk  3.8.3.R..  112.  439  (1957) J  C.  A..  13855  (1957). 

(2)  A.  R.  Nesmeyanov,  E.  G.  Perevalova,  Z.  A.  Beinoravichute  and  I.  L  Malygina, 

Doklady  Akad.  Hauk  S.S.3.R..  120.  1263  a95S),'  C.  A.,  1293  (1959). 

carbonatlon,  1,1*  •■ferrocenedicarboxylic  acid  in  moderate  yield;  only  traces  of 
ferrooenecaitoxylie  acid  were  forn»d.  When  this  sodiation  procedure  was  used 
In  cur  2^perlaent8,  the  desired  l,l*-bi8(triphenylgenHyl)ferrocene  was  obtained 
In  ca.  IZ-iyfo  yield  (baaed  on  the  ferrocene  used;  yield  based  on  unrecovered 
ferronene),  but  suiprlslngly  large  amounts  (4-102o)  of  the  monosubstltuted  pro¬ 
duct,  trlphenylgermylf errocene ,  also  were  present.  By  far  the  major  product  was 
hexaphenyldigermane  (53-7756);  some  hexaphenyldigermoxane  (derived  from  hydrolysis 
of  unreactod  trlphenylbromogemane )  and  minor  ajnovmts  of  tetraphenylgermane  also 
were  Isolated.  This  mixture  of  phenylated  germanes  could  be  resolved  only  with 
difficulty  into  the  pure  components  by  elution  chromatography.  The  bis(trl- 
phenylgermyl) ferrocene  was  identical  with  an  authentic  sanple  prepared  vln  cyclo- 
pentadlenyltrlphenylgerraane .  Previous  workers  had  observed  signif leant  yields 
of  trl-n-hexylsllylf errocene  in  the  preparation  of  1,1*  -bis(tri”n-hexylsllyl)- 
ferrocene  when  the  dlsodloferrocene  route  was  used®.  This  was  believed  dun  to 


(3)  S.  I.  Goldberg,  D.  W.  Mayo,  N.  Vogel,  H.  Rosenberg  and  M.  Rausch,  J.  Org. 
Chem..  824  (1959). 
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tnconplete  reaction  between  diBodioferrooene  and  trl-n-hexylbromosileme, 
caused  ty  sterlc  hindrance  toward  further  coupling  intiraduced  when  one  of  the 
sodium  atoms  attached  to  the  cyclopentadlenyl  rings  was  replaced  by  a  bxilky  RaSi 
groi^.  Ve  have  made  similar  observations  when  the  disodlofeirocene  reagent  was 
characterized  ^m'l  Tig  trimethylchlorosilane^  except  that  our  mono-  to  disubstituted 
product  ratio  was  much  larger  than  that  reported  by  the  authors  cited  above. 

Ctonversion  of  l^l’-ferrocenylenedisodlum  to  the  l^l'-ferrocenylene  dl- 
Qrignard  reagent  by  treatment  with  magnesium  bromide  in  ether,  followed  by  car- 
bonation,  gave  l,l*-ferrooenedicarboxylic  acid  in  ca.  305^  yield,  accompanied  only 
by  traces  of  the  monocarboxylic  acid: 


Fe  +  aMgBra 

-o 


1)  COa  . 

2)  H+/HsO 


This  represents  a  new  route  to  the  di-Grignard  derivative  of  ferrocene  which  is 
perhaps  more  convenient  than  its  recently ' reported*  synthesis  based  on  the  not 


(4)  H.  Shechter  and  J.  F.  Helling,  J.  Org.  Chem.,  26,  1034  (I96I). 

readily  available  Ijl'-dihaloferrocenea.  The  sterlc  factors  in  the  coupling 
reaction  with  trlph^nylbromogermane  and  trlmethylchlorosllane,  however,  seem 
to  be  even  more  severe  in  tlie  case  6f  the  l,l'-ferrocenylene  dl-Grlgnaid  rea¬ 
gent,  since  the  monosubstituted  compounds  were  accomspanled  by  only  trace  amounts 
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of  the  dlsubstituted  products.  It  is  worth  noting  that  in  the  case  of  the  reac¬ 
tion  of  the  di-Grignaitl  reagent  with  triphenylhromogermane  no  hexaphenyldigermane 
was  produced.  Attempts  to  characterize  any  l-bromomagneslum-l*“triphenylgermyl- 
ferrooene  present  in  these  solutions  before  hydrolysis,  using  reagents  of  smaller 
steric  requirements  such  as  carbon  dioxide  and  methyl  iodide,  were  unsuccessful 

I 

I  insofar  as  pure  products  ooxild  not  be  isolated  from  the  reaction  mixtures.  This 

I 

may  not  be  taken  as  proof  that  such  a  mono-Grignard  reagent  does  not  exist  in 
the  reaction  mixture. 

The  interest  in  ferrocenyl  active  metal  reagents  developed  during  the 

I  course  of  this  work  led  us  to  work  out  a  new  synthetic  route  to  ferrocenylllthium® 

! 

(5)  Preliminary  communication:  J.  P.  Helling  and  D.  Seyferth,  Chemistry  and 
Industry  (London),  (1961). 

and  l,l'-feirrocenylenedlllthlum.  The  available  synthesis  of  these  reagents  via 

I 

llthlatlon  of  ferrocene  was  unsatisfactory,  since  an  unresolvable  mixtiipe  of  both 
j  reagents  was  formed  under  all  conditions  tried,  and  since  a  fairly  .letrge  excess 

of  n-butyllithium  was  required  for  moderate  to  good  conversions  of  lithioferrocenes. 


(6)  R.  A.  Benkeser,  D.  Goggin  and  G.  A.  Schroll,  J.  Am.  Chem.  3oc...  76,  4025 
(1954). 

(7)  A.  N.  Nesmeyanov,  E.  G.  Perevalova,  R.  N.  Golovnya  and  0.  A.  Hesmeyanova, 
Doklady  Akad.  Nauk  3.S.5.R..  2L»  ^59  (1954). 

(8)  M.  Rausch,  M.  Vogel  and  H.  Rosenberg,  J.  Org.  Chem.,  22,  900  (1957) » 

(9)  D.  W.  Mayo,  P,  D.  Shaw  and  M.  Rausch,  Chemistry  and  Industry  (Loudon), 

1588(1957). 


1 


-  5  - 


Oar  new  pr^aratlon  of  ferrocenyllithium  reagents  uses  the  transmetalation 
reaction  occurring  hetween  chloromercurlferrocene  or  l,l,'-bls(chloroniercuri)i. 
ferrocene  and  alkyllithlum  reagents.  These  chloromercuri  derivatives  are  avail- 
able  through  the  mercuration  of  ferrocene  and  can  be  separated  by  extraction  of 
the  chloromercurlferrocene  from  the  essentially  insoluble  dimercurated  coiiipo\md.’^ 
This  procedure  represents  a  satisfactory  route  to  ferroceny32ithivim  essentially 
free  of  the  dlllthlated  cossiound  and  startixig  alkylllthium.  The  reaction  pro¬ 
duces  dletl^lmercury  (when  ethyllithlum  is  used)  in  nearly  quantitative  yields 
and  subsequent  conversions  of  the  ferrocenyllithium  formed  gave  monosubstinuted 
ferrooenes  in  yields  of  6o-6%t 


<2> 

X  T  CJEl  uJjX 

^  x-o  -  - 

>  rc 

O 

(R=  OOsE,  (CaHs)3Sl., 

•  (C3Is)3Si,  C(CeHs)20H) 

/^parently  only  trace  to  very  low  yields  of  l,l’-ferrocenylenedllithlum  were 
formed  in  these  reactions.  Phenyllithlum  proved  to  be  much  less  satisfactory 
in  this  application.  The  use  of  diferrocenylmercury  In  place  of  chloromercurl¬ 
ferrocene  did  not  appear  to  offer  any  advantage.  Reaction  of  1,1 '-bis (chloro¬ 
mercuri)  ferrocene  with  fow  equivalents  of  ethyllithlum,  followed  by  carbonatlon, 
gave  1,1* -ferrocenedicarboxylic  acid  in  only  yield,  although  diethylmercury 
had  been  formed  in  high  yield.  Treatment  of  the  dlllthlo  derivative  prepared 
in  this  manner  with  trlmethylohlorosilane  again  produced  trimethylsilylferrocene 
in  significant  quantity  in  addition  to  1,1’ -bis (trimethylsllyl) ferrocene. 
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Incidental  to  the  syathesis  of  these  germanlua-subBtltuted  ferroceneS; 
three  other  gennanium- containing  transition  metal  conpounda  have  been  pr^ared» 
The  reaction  of  the  lithium  derivative  of  cyolopentadienyltrlphenylgennane  with 
titanium  tetrachloride  gave  ljl*-bis(trlphenylgennyl)titanocene  diohloride  in 
very  low  yield.  The  action  of  HaMa(00)5  and  NaFe(00)2C5Hs  on  the  bM^gemane 
gave  (C6H5)3GeMa(C0)5  and  (G6H5)3GeFe(CO)2C5H5,  Isoth  stable,  crystalline  solids, 
the  first  compounds  containing  a  germanium-transition  metal  bond  to  be  reported. 

EXEERBENTAL^® 


(lO)  All  reactions  involving  air  or  moisture  sensitive  reagents  were  carried 
out  under  an  atmosphere  of  dry,  prepurified  nitrogen.  Melting  points 
are  uncorrected.  Analyses  by  the  Schwarzkopf  Microanalytical  Laboratory, 
Woodslde,  N.Y. 


heactlona  of  l.l'-Ferrooenylenedlsodium.  (a)  With  Triphenylbromogenaane .  - 
To  n-amylsodium  in  250  ml.  of  pentane  prepared  from  0.075  mole  of  n-arayl  chloride 
and  0.15  6*  atom  of  sodim  dispersion  by  the  procediure  of  Morton^ ^  was  added  6.0 


(11)  A.  A.  Morton,  F.  D.  Marsh,  R.  D.  Coombs,  A.  L.  Lyons,  S.  E.  Fenner,  H.  E. 
Rarasden,  V.  B.  Baker,  E,  L.  Little  and  R.  L.  Letsinger,  J.  Am.  C!hem.  Soc., 
Ig,  57^5  (1950). 

g.  (0.03  mole)  of  ferrocene.  Hie  mixtiire  was  heated  at  reflux  for  several  hr. 
while  vigorous  stirring  was  continued.  Triphenylbromogermane  (28.8  g.,  0.075 
mole)  was  added,  and  the  reaction  mixture  was  refluxed  for  several  hr.  The 
mixture  was  treated  first  with  50  ml.  of  methanol  (since  unreacted  sodium  appeared 
to  be  present),  then  with  water.  The  organic  phase  was  evaporated  and  all  solids 
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as  well  as  the  afl,ueovis  phase  extracted  well  with  1)6028116,  Evaporation  of  the 
benzene  extracts  left  an  orange-brown  solid  from  which  4.1  g.  of  unreaeted  ferro¬ 
cene  was  removed  by  steam  dlsti3Ja.tlon  and  vacuum  sublimation.  The  residue  was 
chromatographed  repeatedly  on  alumina  using  heptane-benzene  mixtures  as  eli:tatit 
and  gave,  in  the  order  listed,  8.09  g.  of  hexaphenyldlgermoxane,  0.2  g,  of  t^tra- 
phenylgermane,  0.52  g.  (5.55^  conversion,  lOjt  yield  based  on  unrecovered  ferrocene) 
of  trlphenylgermylferrocene,  3.5  g.  (12^i  conversion,  yield)  of  1,1*  •bis(tri- 
phenylgermyl) ferrocene,  and  12' g.  of  hexaphenyldigerraane  (531^  bsised  on  triphenyl- 
bromogeimane).  The  first  two  and  the  last  germanium  compounds  were  identified 
by  m.p.,  mixed  m.p.  and  infrared  spectra.  Triphenylgermylferrocene,  orange  cry¬ 
stals,  m.p.  155-136*,  showed  characteristic  bands  at  1112  and  1005  em”^  (monosub- 
stituted  ferrocene^^)  and  at  IO80  cm“^  (Ge-phenyl  linkages’-®). 


(12)  M.  Bosenblum  and  R.  B.  Woodward,  J.  Am.  Chem.  Soc..  Oo,  544.5  (1958). 

(13)  M.  C.  Henry  and  J.  G.  Nol'tes,  J.  Am.  Chem.  Soc..  82,  555  (1960). 

Anal.  Calcd.  for  CgeHsiGeFe:  C,  68.77;  H,  4.95;  Ge,  14.85;  Fe,  11.43. 

Found;  C,  68.99;  H,  5.09;  Ge,  14.47;  Fe,  11.62. 
l,l*-Bls(trlphenylgerrayl)ferrocene,  orange  crystals,  m.p.  244-245®,  had  a  strong 
band  at  1080  an"^,  but  lacked  bands  at  1112  and  1005  cm”^. 

Anal.  Calcd.  for  C^eHsaGegFe :  C,  69.76;  H,  4.84;  Ge,  l8.34;  Fe,  7.06, 

Found:  C,  69.56;  H,  4.88;  Ge,  17.91;  Fe,  7*27. 

Another  experiment  was  carried  out  -with  0.06  mole  of  commercial  n-amj^lsodium 
(Orgmet),  0.03  mole  of  ferrocene  and  O.06  mole  of  triphenylbromogermane.  Pro¬ 
duced  were  triphenylgennylferrocene  in  11^6  conversion  (26^  yield),  l,l’-bis(tri- 


-  8  - 


phenylgemyl) ferrocene  in  1556  conversion  (JOjt  yield),  and  hexaphenyldigermane 
in  'J’Vf,  yield. 

(b)  With  Triaethylchloroallftne.  -  To  l,l'-*ferrocenylenedisodiinii  prepared  an 
described  above  from  5«2  g.  (0.028  mole)  of  ferrocene  vas  added  all  at  once  an 
excess  of  farimethylchlorosilane  (ca.  7  g.).  After  having  been  stirred  overnight 
at  room  temperatrire,  the  mixture  van  hydrolyzed.  The  aqueous  phase  vas  washed 
with  petroleum  ether  and  the  combined  organic  phase  and  petroleum  ether  washings 
dried  over  magnesium  suJLfate.  The  solvent  was  removed  by  careful  distillation 
until  the  volume  of  the  solution  had  been  reduced  to  ca^  8  ml.  After  cooling, 
the  aipeinatant  solution  was  removed  from  crystals  of  unreacted  ferrocene  with 
a  dropper,  and  the  residual  crystals  were  washed  with  a  few  small  portions  of 
cold  pentane,  the  vashizigs  being  added  to  the  solution.  IThe  crude  ferrocene 
remaining  was  sublimed  carefully  to  give  2.28  g,  of  slightly  In^pure  material, 
m.p .  169-175*  •  A  amsll  amount  of  oll.y  material  remaining  in  the  subllmer 
bottom  was  combined  with  the  liquid  phase,  which  then  was  concentrated  under 
reduced  paressure.  The  residue  was  diluted  to  10  ml.  in  a  volumetric  flask  with 
benzene,  and  0.15  ml.  portions  were  used  for  gas  chromatographic  analysis  (Dow 
Coming  710  Silicone  Fluid  on  firebrick).  Approximate  and  very  likely  low  yields 
were  determined  by  collection  of  ferrocene,  trlmethylsilylferrooene  and  1,1*- 
bis(trlmethylsilyl)ferrocene  in  this  order.  In  terms  of  10  ml.  of  solution,  the 
following  yl.elds  were  obtained:  ferrocene  0.45  g»;  trlmethylsllylferrocene,  0.72 
g.  (lOjt);  bis (trlmethyleilyl) ferrocene,  2.08  g.  (2556).  Total  ferrocene  yield 
was  2.71  g.  (5256;  recovery).  The  silylferrocenes,  both  known  compounds®,  were 
identified  by  their  infrared  spectra  emd  analyses.  Trlmethylsllylferrocene,  red 
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oil,  absoiptlon  at  1250,  81+0  aad  756  om"^  (trlmethylsilyl  group),  at  1112  and 
1005  (jnonoBubstituted  ferrocene). 

Anal.  Calcd.  for  CiaHieSlFe:  C,  60.46;  H,  T-OJ.  Found:  C,  60.37l  H,  7.28o 
1,1* -Bis (trlmethylsilyl) ferrocene,  red  oil,  absorption  characteristic  for  the 
trlmethylsilyl  grov®,  no  absorption  near  1112  and  1005  cm"^  (l,l*-disubstltuted 
ferrocene^®) . 

Anal.  Calcd.  for  CiaBfeaSiaPe:  C,  55.16;  H,  7.93.  Found:  C,  58.57;  H,  8,12. 

(c)  Carbonatlon.  -  To  check  our  procedure  for  l,l'-ferrocenylenedisodium,  and 
to  set  a  limit  on  the  yields  one  might  e:qjeet  in  reactions  Involving  this  rea¬ 
gent,  the  dlBodlo  derivative  prepared  from  4.0  g.  of  ferrocene  by  this  procedure 
was  carbonated.  The  carboxylic  acids  were  Isolated  using  previously  described 
procedures*^®  ;  3.22  g.  (54. 5^^  conversion)  of  the  l,l*-ferrocenedlcarboxyllc 
acid  and  0.25  g,  (55^  conversion)  of  ferrocenecarboxyllc  acid  were  obtained.  In 
addition,  38.5?b  of  the  ferrocene  was  recovered;  thus  97.3?t  of  the  original  ferro¬ 
cene  is  accounted  for. 

Reactions  of  the  1.1* -Ferro cenylene  dl-Orlgnard  Reagent.  (1)  Carbonatlon.  - 
l,l*-Ferrooenylenedlsodium  was  prepared  from  0.028  mole  of  ferrocene  as  before. 
The  pentane  was  removed  in  a  stream  of  dry  argon  and  the  residue  covered  with 
250  ml.  of  ether.  To  this  mixture  was  added  a  solution  of  anhydrous  magnesium 
bromide  prepared  from  10.8  g.  (0.057  mole)  of  1,2-dlbromoethane  and  1.37  g. 

(0.057  g.  atom)  of  magnesium.  Within  a  few  minutes  the  red  color  of  the  disodior 
ferrocene  was  r^laced  by  the  yellow  color  of  the  di~Grlgnard  reagent.  Stirring 
was  continued  for  one  hr.  Powdered  solid  carbon  dioxide  was  added  to  the  mixtiu^. 
After  the  excess  carbon  dioxide  had  evaporated,  the  usual  workup  procedure*'® 
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resulted  in  1.^2  g.  of  crude  ferrocenecsorbox^lic  acids  and  2.55  6*  of  recovered 
ferrocene.  Extraction  of  the  crude  acid  with  benzene  gave  ca.  70  mg.  of  the 
monocarboxylic  acid.  The  products  were  Identified  by  m.p.,  mixed  m.p.  and  their 
infrared  spectra.  A  yield  of  ca.  305^  of  the  dicarboxylic  acid  was  obtained. 

(b)  With  Triuhenvlbromogennane .  -  To  a  solution  of  the  di-Grignard  reagent  pre¬ 
pared  as  above  from  0.028  mole  of  ferrocene  was  added  22  g.  (0.057  mole)  of  tri- 
phenylbromogermane.  The  mixture  was  stirred  overnight^  hydrolyzed  with  150  ml. 
water  and  evaporated,  l&ireacted  ferrocene  was  removed  from  the  residue  by  steam 
distillation,  giving  after  sublimation  2.56  g.  of  impure  ferrocene,  m.p. 

170-176®.  The  residue  from  this  procedure  was  extracted  with  600  ml.  chloroform; 
the  extracts  were  dried  and  evaporated,  leaving  a  dark  brown  residue.  This  was 
taken  up  in  pentane  (four  50  ml.  portions).  The  oily  residue  obtained  on  removing 
the  pentane  was  chromatographed  on  alumina  using  hexane rbenzene  (9;l).  Isolated 
were:  ferrocene,  O.76  g.;  tetraphenylgemnane,  m.p.  2Zo-2pl",  0.2  g.,;  triphenyl- 
germylferrocene,  m.p.  150-15^®,  0.66  g.;  1,1* -biB(triphenylgermyl)feiTocene,  m.p. 
231-236°,  0.42  g.  The  residue  from  the  pentane  extraction  consisted  of  15.74  g. 
of  dark  brown  solid.  A  3  g.  portion  of  this  was  crystallized  from  toluene  to 
give  2.12  g.  of  hexaphenyldigermoxane,  m.p.  184-I86®.  The  mother  liquor  was 
evaporated  to  dryness  and  the  residue  purified  by  chromatography  to  give  O.71  g. 
of  trlphenylgormylferrocene,  m.p.  150-155*.  The  total  yield  of  the  monosubstltuted 
compound  thus  was  4.38  g.  (32?^). 

(0)  With  Trlmethylchlorosllane.  -  Ferrocene  (0.028  mole)  was  converted  to  the 
di-Grignard  reagent  and  treated  with  7  g*  of  trlmethylchlorosllane.  The  proce¬ 
dure  used  before  gave  O.36  g.  of  trimethylsilylferrooene  {%  yield;  via  prepara¬ 
tive  gas  chromatography)  and  only  a  trace  of  bis(trimethylsilyl)ferrocene.  Re¬ 
fluxing  the  reaction  mixture  overnight  did  not  improve  the  yield. 
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Preparation  of  Fferrocenylllthitnn>i  (a)  via  Ethylllthlum.  -  A  Schlenk  tube  con¬ 
taining  1.77  g.  (4.2  mmole)  of  ehloromercurlferrocene  (prepared  according  to  the 
method  given  In  ref.  7  as  modified  by  Helling^*)  waa. evacuated  and  filled  ^th 

(l4)  J.  F.  Helllngj  Ph.D.  Thesis,  The  Ohio  State  ttolversity,  i960. 

argon.  Ether  (9  ml.)  and  ethyllithlum  (9*5  mmole,  9.2  ml.  of  I.OIM  solution) 
in  ether  were  added  in  succession  at  27*.  The  mixture  was  stirred  for  45  min., 
cooled  to  0"  and  poured  onto  ethereal  Dry  Ice.  The  mixture  was  hydrolyzed  with 
water.  Acidification  of  the  aqueous  layer  with,  hydrochloric  acid  gave  ferro- 
cenecarboxyllc  acid  (0.62  g.,  64jJ)  as  an  orange  precipitate.  After  reorystalllza- 
tlon  from  ether-petroleum  ether,  it  melted  at  199-205*  (dec.);  lit.'^  m.p.  192-205*. 
The  ether  layer  was  dried  and  treated  with  2.5  g.  (8.4  mmole)  of  mercuric  chloride 
in  ether.  Ethylmercurlc  chloride  crystallized  and  was  filtered.  After  reorystal- 
llzation  from  aqueous  methazuDl  and  sublimation,  1.54  g.  of  pure  material,  m.p. 
192-195*,  was  isolated;  llt.^®  m.p.  192-195*. 


(15)  C.  S.  Marvel,  C.  G.  Qanerke  and  E.  L.  Hill,  J.  Am.  Chem.  Soc.i  47.  5009 

(1925). 

Concentration  of  the  mother  liquor  gave  an  additional  O.76  g.  of  crude  ethyl- 
mercuric  chloride;  total  yield:  2.0  g.  (90?J).  In  another  experiment  on  the 
same  scale  the  reaction  mlxtiu^  was  hydrolyzed  and  the  ether  layer  treated  with 
mercuric  chloride  (5  mmoles).  Two  g.  (905t)  of  ethylmercurlc  chloride,  m.p.  186’ 
189*,  and  0.19  g.  of  less  pure  material  was  Isolated. 

(b)  via  n-Butvllithium.  -  Similar  procedures  were  used  in  the  reaction  of  4,4 
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mmoles  of  ohloromercuriferrocene  with  9»7  mmoles  of  n-butylllthium  in  ether  and 
of  2.7  mmoles  of  diferrocenylmercury"^  with  6  mmoles  of  n-butylllthiumo  Ferro- 
cenemonooarboxylie  acid  was  Isolated  in  yields  of  and  kyfi  respectively^  in 
addition  to  ferrocene  in  2%  and  19^  yield, 

(c)  via  Phenyllithium.  -  Chloromerctiriferrocene,  3.37  g*  (8  mmoles),  in  10  ml. 
ether  was  treated  with  I9  mmoles  of  0.41M  phenylllthium  solution  at  0* .  The 
reaction  mixture  was  stirred  at  room  temperature  for  90  min.,  cooled  to  0*  and 
poured  over  crushed  Dry  Ice  in  ether.  After  hydrolysis,  a  tan  precipitate  (0.08 
g. )  was  filtered  off.  The  aq.ueous  layer  was  acidified  with  3N  HCl  to  give  a 
yeiiow-vhito  precipitate.  Vacuum  sublimation  of  the  latter  resxxlted  in  0.8  g, 
of  benzoic  acid  and  left  as  a  residue  I.08  g.  (58^t)  of  ferrooenecarboxyllc  acid. 
Concentration  of  the  aqueous  layer  followed  by  ether  extraction  gave  more  benzoic 
acid,  m.p.  120-122®,  a  total  yield  of  0.97  g.  (^2^  based  on  phenylllthium).  The 
original  ether  solution  was  dried  and  evaporated.  Vacuum  sublimation  of  the  resi¬ 
due  produced  diphenylmeroui’y  (I.81  g,,  m.p.  12^-125®,  mixed  m.p.  undepressed. 

The  sublimation  residue  was  a  red-orange  oil  which  appeeured  to  decon^jose  slowly  at 
elevated  tenperat’ure . 

Reactions  of  Ferrocenyllithlum.  -  (a)  With  Triphenyl-  and  Trimethylchlorosilane.- 
Ferrocenyllithlura  was  prepsured  from  4.2  mmoles  of  chloromercuriferrocene  and  io.4 
mmoles  of  ethereal  ethyllithium.  Solid  triphenylchlorosilane  (Dow  Coming  Coip.), 
3.42  g,  (11.6  mmoles),  was  added  after  1  hr.  The  mixture  was  stirred  overnight 
and  the  solution  then  filtered  through  alumina  and  evaporated.  The  residue  was 
taken  in  hot  h^tane.  Elution  chromatography  on  alumina  using  petroleum  ether 
as  elviant  gave  O.O6  g,  of  ferrocene  (8^^)  and  1.23  g.  (65^6)  of  trlphenylsllylferro- 
cene,  m.p.  l44~l45®  (from  heptane);  lit.®  m.p.  l42-l45".  Elution  with  benzene 
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gave  additional  0.17  g*  of  unidentified  orange  solid,  melting  range  91-l4o*. 
Similar  eaiperlments  in  which  trimethylchlorosilane  was  used  produced  trimethyl- 
sllylferrooene  in  yields  of  since  these  were  determined  by  gas  chroma¬ 

tography  as  desdrihed  above,  they  very  likely  are  lower  than  the  actual  yields. 

No  trace  of  l,l'-bls(trlmethylsilyl)ferrocene  was  observed  in  the  gas  chromato¬ 
gram.  Ferrocene  was  obtained  in  12-20^  yield  in  these  reactions. 

(b)  With  Benzophenone.  -  Ferrocenyllithluiii  solution  (from  4,2  mmoles  of  chloro- 
mercurif errocene )  was  treated  with  4.6  mmoles  of  benzophenone  at  0®.  ihe  mix¬ 
ture  was  stirred  overnight  at  room  ten5)erature .  Water  and  10  ml.  of  benzene 
were  added;  the  solution  was  filtered,  and  the  organic  layer  dj'led,  concentrated 
and  chromatographed  on  alumina.  Elution  with  petroleum  ether  removed  ferrocene 
(0.0^  g.,  45^),  with  benzene,  ferrocenyldlphenylcarbinol  (1.0  g.,  65^6),  m.p.  133- 
136®;  lit.^  m.p,  130-131®.  Continued  elution  with  1:1  benzene-ether  gave  a  red- 

V 

orange  oil  (0.35  g*),  which  was  crystallized  from  hejiane.  Fui-iher  recrystailiza- 
tion  from  heptane  gave  m.p.  163-I69®.  The  infrared  spectrum  suggested  the  pre¬ 
sence  of  a  1,1' -disubstituted  ferrocene,  possibly  impure  l,l*-blB(diphenylhydro3iy- 
raethyl) ferrocene  (lit.^®  m.p.  179-181®), 


(16)  R.  Rlemschnelder  and  D.  Helm,  Chem.  Ber..  §2,  155  (1956). 

Preparation  of  l.l*-Ferrocenylenedllithl\«n.  -  To  2.76  (4.2  mmoles)  of  1,11-bls- 
(chlororaercuri) ferrocene’^' in  9  ml.  ether  was  added.  18.1  mmole  of  O.99M  ethyl- 
lithium  solution.  The  reaction  mixture  was  stirred  at  room  temperature  for  1  hr. 
and  then  was  carbonated.  Water  was  added,  and  the  mixture  was  filtered.  The 
aqueous  layer  was  acidified  with  3N  HCl  to  give  a  brown  precipitate  of  1,1*- 
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ferrocenedioarboxylle  acid  (0.51  g.^  no  ®*P*  "below  250*;  lit.’^  no  m,p. 

below  250*.  Attejupts  to  obtain  further  products  from  the  colored  aqueous  mother 
liq,uor  resulted  in  decon^jositlon.  The  original  ether  layer  was  treated  with 
g.  of  mercuric  chloride.  A  white  precipitate  of  ethylraerctirio  chloride  (3»91  &•>} 
Q&fi),  m.p.  184-i87*,  was  isolated.  Sublimation  raised  the  m.p.  to  19O-192*. 

Characterization  of  the  lithium  reagent  solution  with  trimethylohloro- 
silane  gave  1,1' -bis(triraethylsilyl)ferrocene  in  yield  and  trimethylBllyl». 
ferrocene  in  8^  yield. 

Preparation  of  l.l*-Bls(tripheDylgermyl)ferroeene  via  Cyclopentadtenyltrlphenyl- 
germane.  -  Cyclopentadienylsodlum  was  prepared  in  tetrahydrofuran  from  3"*<5  g. 
(0.15  g.  atom)  of  sodium  and  13 *2  g.  of  freshly  distilled  cyclopentadlene.  To 
this  solution  was  added  57«5  g«  (0.15  mole)  of  trlphenyl-bromogeimane .  The  re¬ 
sulting  mixture  was  stirred  for  several  hr.  at  room  temperature,  filtered  and 
evaporated.  The  residue  was  extracted  with  ca.  SCC  ml.  of  hot  heptane.  Evapora¬ 
tion  of  the  heptane  left  h7  g.  of  air  and/or  moisture  sensitive  solid.  No  attempt 
was  made  to  purify  the  crude  product.  To  7*^  g.  of  this  material  In  150  ml.  ether 
was  added  ca,  0.03  mole  of  n-butyllithlum  in  ether.  The  mixture  was  heated  at  re¬ 
flux  for  1  lir.  and  then  added  to  a  suspension  of  ferrous  chloride  (prepared  from 
0.2  g.  of  iron  powder  and  1.1  g,  of  ferric  chloride)  in  tetrahydrofuran.  The 
reaction  mlxtwe  was  refluxed  overnight,  hydrolyzed  and  evaporated.  The  residue 
was  taJten  up  in  benzene,  filtered  through  alumina  to  remove  tars  and  chromato¬ 
graphed  on  alumina  to  give  2.6  g.  of  1,1* -bis (trlphenylgerrayl) ferrocene,  identi¬ 
cal  in  all  respects  with  the  material  from  the  dlsodioferrocene  reaction. 
Preparation  of  l.l*-Bls(trlphenylgemYl)tltanocene  Dlchloride.  -  Crude  cyclopenta- 
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dlenyltriphenylgermane  (7t^  g*^  0.02  mole)  was  metalatsd  with  ca.  0.025  nwle  of 
ethereal  n-hutylllthlum.  The  resviltlng  solution  was  added  to  a  solution  of  1,85 
g.  (0.01  taole)  of  titanium  tetrachloride  in  20  ml.  ether  (prepared  at  -60*)» 

After  3  hr.  at  room  teniperature,  the  solvent  was  removed  at  reduced  pressure  and 
the  residue  extracted  with  "benzene.  A  small  amount  of  red-violet  crystals  was 
obtained  on  careful  concentration  of  the  benzene  solution,  Recrystalllzatlon 
from  benzene  gave  ca.  30  mg.  of  pure  product,  which  on  heating  began  to  decompose 
at  244'. 

Anal.  Calcd.  for  GiaHsaClaGegTi:  C,  6lt-.63;  H,  4-. 48.  Found:  C,  64.86;  H,  4.72. 
The  presence  of  Qe-phenyl  links  was  shown  by  strong  absoiptlon  in  the  infrared 
i  spectrum  at  1080  cm"^. 

In  addition,  3*2  g.  of  a  noncrystallizable  red-brown  oil  was  obtained. 
Attempted  purification  of  the  latter  by  elution  chromatography  failed. 

Freuaratlon  of  TriphenyJ.germylmanganese  Pentacarbonyl.  -  Sodium  pentaoarbonyl- 
manganute  (-1)  was  prepared  from  1.95  g»  of  manganese  pentacarbonyl  and  200  g. 
of  1.%  sodium  amalgam  in  130  ml.  of  air-free  tetrahydrofuran^®  under  nitrogen 


(l6)  W.  Hleber  and  G.  Wagner,  Z.  Haturforsehg. .  13b,  359  (1956)» 

and  subsequently  added  to  3«8  g-  (10  mmoles)  of  trlphenylbromogermane  in  100  ml. 
tetrahydrofuran.  A  colorless  precipitate  and  a  red-orange  solution  were  formed. 
The  mixture  was  stirred  at  room  temperature  for  several  hr.,  filtered  and  evapora¬ 
ted  in  vacuum.  The  light  yellow,  crystalline  residue  was  taken  iip  in  ca,  80  ml. 
of  anhydrous  acetone.  Addition  of  water  to  the  point  of  turbidity  and  chilling 
to  0*  overnight  led  to  formation  of  white  crystals.  These  were  washed  with 
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chilled  acetone  and  dried  In  vacuum  to  give  1.8  g,  of  (C8H5)3GeMi(co)5, 

m.p.  i62-i61|-“. 

Anal.  Calcd.  for  C.oaHisOsGelfa;  C,  55.37»  H,  J.OJ.  Found:  C,  55«^2|  5«25, 

The  product  appeaxed  to  he  air-stable  in  the  solid  state,  hut  decomposed  in  solu¬ 
tion.  Its  Infrared  spectrum  in  the  carbonyl  region  (KBr  disk)  showed  a  sharp 
hand  at  2100  cm“^  and  very  broad,  strong  absorption  centered  at  1995  cm“^.  A 
simllaxity  to  the  published  spectra  of  methyl-  and  benzylmanganeae  pentacar- 
bonyls^"^  is  apparent. 


(17)  W.  Beck,  W.  Hieber  and  K.  Tengler,  Ctiem.  Ber. ,  gty,  862  (1961). 

Preparation  of  Triphenylgermyl-a-cyclopentadienyliron  Dicagbonyl.  -  A  solution 
of  3*0  e*  (0.0085  mole)  of  [C5H5Fe(C0)e]s  in  250  ml.  tetrahydrofuran  was  stirred 
overnight  with  6  g,  of  sodium  amalgam'.^®  The  solution  of  C5H5Fe((X))aNa  was 
decanted  from  the  excess  of  amalgam  and  filtered  into  a  second  flask.  To  this 
solution  was  added  slowly  with  stirring  4.65  g.  (0.012  mole)  of  trlphenylbromo- 
germane  in  40  ml.  tetrahydrofuran.  Il;e  mixture  was  refluxed  1  hr.,  filtered 
and  evaporated  at  reduced  pressure.  The  residue  was  extracted  with  ether  and 
the  solvent  removed  from  the  filtered  extracts  to  leave  a  slightly  oily  yellow 
crystalline  residue.  The  latter  was  washed  several  times  with  small  amounts  of 
pentane,  and  the  product  then  was  treated  in  a  sublimer  at  lP5®/0.2  mm.  to  re¬ 
move  a  small  amount  of  red  oily  material.  This  procedure  left  4.6l  g.  (79^^)  of 
crude  (CeH5)aCreFe(C0)2CsH5,  m.p.  159-162®,  which  was  chromatographed  on  alunina, 
and  then  sublimed  at  135*/0.001  mm.  to  give  pure,  pale  yellow  material,  m.p.  I60- 
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l6l“. 

Anal.  Calcd.  for  CasHaoOaGeFe ;  0,  6&M}  H,  4.19;  pe^  11.61. 

Found:  C,  62.47;  H,  4.59;  Fe,  ll.Jl 

The  compovaid  appears  to  be  stable  to  air  and  moisture  in  the  solid  state.  This 
is  in  marlced  contrast  to  the  instability  toward  atmospheric  oxygen  of 
(CH3)3SiFe(C!0)aCsfl5^®.  The  germanium  con5)Ound  showed  two  strong  bands  in  the 


(18)  T.  S.  Piper  and  G.  Wilkinson,  J.  Inorg.  Nuclear  Chem. .  104  (1956). 

(19)  T.  S.  Piper,  D.  Lemal  and  G.  Wilkinson,  Naturwissensehaften,  45,  129 
(1956). 

carbonyl  mginn  nf  tbe  In-Trarefl  spectrum  (KBr  disc)  at  1995  snd  1940  cm”^.' 
Similar  absolutions  were  observed  at  2000  and  1940  om“^  in  the  silicon  deriva¬ 
tive.^® 
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